dC20 Rec'd PCT/PTO 0 3 AUG 2001 



FORM PTO-1390 (Modified) 
(REV 1 1-2000) 



U.S. DEPARTMENT OF COMMERCE PATEJ^T AND TR* ifEMARK OFFICE 



TRANSMITTAL LETTER TO THE UNITED STATES 
DESIGNATED/ELECTED OFFICE (DO/EO/US) 
CONCERNING A FILING UNDER 35 U.S.C, 371 



ATTORNEY'S DOCKET NUMBER 
211932US3PCT 



U.S. APPLICATION NO. (JF E^QS^ SEE 

09/89a765 



37 CFR 



INTERNATIONAL APPLICATION NO. 
PCT/JPOO/00613 



INTERNATIONAL FILING DATE 
4 February 2000 



PRIORITY DATE CLAIMED 

5 February 1999 (Earliest) 



TITLE OF INVENTION 

GAS GENERATOR 



APPLICANT(S) FOR DO/EO/US 

Takashi SASO, et aL 



Applicant herewith submits to the United States Designated/Elected Office (DO/EO/US) the following items and other information: 



1. 

2. 
3. 

4. 
5. 



□ 



7. 



^ 8. 


□ 


9. 




10. 




11. 


□ 


/1 2. 




Items 


^3. 


□ 


14. 


□ 


15. 


□ 


16. 


□ 


17- 


□ 


18. 


□ 


19. 


□ 


20. 


□ 


21. 


□ 


22. 


□ 


23. 





This is a FIRST submission of items conceming a filing under 35 U.S.C. 371 . 

This is a SECOND or SUBSEQUENT submission of items conceming a filing under 35 U.S.C. 371. 

This is an express request to begin national examination procedures (35 U.S.C. 371(f)). The submission must include itens (5), (6) 
(9) and (24) indicated below. v v 

The US has been elected by the expiration of 1 9 months from the priority date (Article 3 1). 
A copy of the International Application as filed (35 U.S.C. 371 (c) (2)) 

a. □ is attached hereto (required only if not communicated by the International Bureau). 

b. ^ has been communicated by the International Bureau. 

c. □ is not required, as the application was filed in the United States Receiving Office (RO/US). 
An English language translation of the Intemational Application as filed (35 U.S.C. 371(c)(2)). 

a. S is attached hereto. 

b. □ has been previously submitted under 35 U.S.C. 154(d)(4). 

Amendments to the claims of the Intemational Application under PCT Article 19 (35 U.S.C. 371 (c)(3)) 

a. □ are attached hereto (required only if not communicated by the Intemational Bureau). 

b. □ have been communicated by the Intemational Bureau. 

c. □ have not been made; however, the time limit for making such amendments has NOT expired. 

d. S have not been made and will not be made. 

An English language translation of the amendments to the claims under PCT Article 19 (35 U.S.C. 371(c)(3)). 
An oath or declaration of the inventor(s) (35 U.S.C. 371 (c)(4)). 

An English language translation of the annexes of the Intemational Preliminary Examination Report under PCT 
Article 36 (35 U.S.C. 371 (c)(5)). 

A copy of the Intemational Preliminary Examination Report (PCT/IPEA/409). 
A copy of the Intemational Search Report (PCT/ISA/210). 
3 to 20 below concern document (s) or information included: 
An Information Disclosure Statement under 37 CFR 1.97 and 1.98. 

An assignment document for recording. A separate cover sheet in comphance with 37 CFR 3.28 and 3.3 1 is included. 
A FIRST preliminary amendment. 

A SECOND or SUBSEQUENT preliminary amendment. 
A substitute specification. 

A change of power of attorney and/or address letter. 

A computer-readable form of the sequence listing in accordance with PCT Rule 13ter.2 and 35 U.S.C. 1 .821 - 1 .825. 
A second copy of the published intemational application under 35 U.S.C. 154(d)(4). 

A second copy of the English language n*anslation of the intemational application under 35 U.S.C. 154(d)(4). 
Certificate of Mailing by Express Mail 
Other items or information: 



PCT/IB/304 
Drawings (25 Sheets) 
Notice of Priority 

Request for Consideration of Documents Cited in the International Search Report 



PCT/IB/308 

Amended Sheets (Pages 7, 16, 18, 23, 32, 34, 37, 42, 43, 44, 45 and Fig. 17) 



Page 1 of 2 



PCTUS1/REV03 



JG17Rec-dPCr/FrQ n^M,eo«n, 



U.S. APPLICATION NO. (IF KNOWN^^SEE 37 CFR 



INTERNATIONA? APPLICATION NO. 

PCT/JPOO/00613 



ATTORNEY'S DOCKET NUMBER 

211932US3PCT 



s 



24 The foUowine fees are submitted:. 






CALCULATIONS PTO USE ONLY 


BASIC NATIONAL FEE ( 37 CFR 1.492 (a) (1) - (5)) : 

□ Neither international preliminary examination fee (37 CFR 1 .482) nor 
international search fee (37 CFR 1 .445(a){2)) paid to USPTO 

and International Search Report not prepared by the EPO or JPO $1 000.00 

^ International preliminary examination fee (37 CFR 1 .482) not paid to 

USPTO but International Search Report prepared by the EPO or JPO $860,00 

□ International prelimmary exammaiion lee p / L.rK i.'^oz; noi paia lo uor i w 

but international search fee (37 CFR 1 -445(a)(2)) paid to USPTO $710.00 

□ International preliminary examination tee / K i AJsz) paia lo u:iri u 

but all claims did not satisfy provisions of PCT Article 33(l)-(4) $690.00 

□ International preliminary examination fee (37 CFR 1 .482) paid to USPTO 

and all claims satisfied provisions of PCT Article 33(l)-(4) $100.00 

ENTER APPROPRIATE BASIC FEE AMOUNT = 




$860.00 




Surcharge of$130.00 for furnishing the oath or declaration later than □ 20 U 30 
mnnths from the earliest claimed priority date (37 CFR 1.492 (e)). 


$0,00 




\ CLAIMS 


NUMBER FILED 


NUMBER EXTRA 


RATE 






Total claims 


16 -20 = 


0 


X $18.00 


$0.00 




Independent claims 


6 - 3 = 


3 


X $80.00 


$240.00 




Multinle Deoendent 


Claims fcheck if applicable). 


m 


$270.00 




TOTAL OF ABOVE CALCULATIONS - 


$1,370,00 




□ Applicant claims small entity status. (See 37 CFR 1 .27). The fees indicated above are 
reduced by 1/2. 


$0.00 




SUBTOTAL = 


$1,370.00 




Processing fee of $130.00 for furnishing the English translation later than □ 20 0 30 
months from the earliest claimed priority date (37 CFR 1 .492 (f)). + 


$0.00 




TOTAL NATIONAL FEE = 


$1,370.00 




Fee for recording the enclosed assignment (37 CFR 1.21 (h)). The assignment must be □ 
accompanied by an appropriate cover sheet (37 CFR 3.28, 3.3 1 ) (check if applicable). 


$0.00 




TOTAL FEES ENCLOSED = 


$1,370.00 






Amount to be: 
refunded 


$ 


charged 


$ 



a. 
b. 



d. 



$1,370.00 



to cover the above fees is enclosed. 

in the amount of 



to cover the above fees. 



IS A check in the amount of 

□ Please charge my Deposit Account No. _ 
A duplicate copy of this sheet is enclosed. 

S The Commissioner is hereby authorized to charge any additional fees which may be required, or credit any overpayment 
to Deposit Account No. 15-0030 A duplicate copy of this sheet is enclosed. 

□ Fees are to be charged to a credit card. WARNING: Information on this form may become public. Credit card 
information should not be included on this form. Provide credit card information and authorization on PTO-2038. 



NOTE: Where an appropriate time limit under 37 CFR 1.494 or 1.495 has not been met, a petition to revive (37 CFR 
1.137(a) or (b)) must be filed and granted to restore the application to pending status. 

SEND ALL CORRESPONDENCE TO: 



Telephone: (703)413-3000 
Fax: (703)413-2220 



Surinder Sachar 
Registration No. 34,4^3 




22850 




SIGNATURE 

C. Irvin McClelland 



NAME 
21,124 



REGISTRATION NUMBER 



DATE 



Page 2 of 2 



mM^mm^ o3aug2ooi 

09/890765 



SPECIFICATION 
TITLE OF THE INVENTION 

GAS GENERATOR 
TECHNICAL FIELD 

The present invention relates to a device for inflating an air bag for 
an automobile and particularly to a gas generator for controlling a 
deployment process of the air bag. 
BACKGROUND TECHNIQUE 

A gas generator for rapidly inflating an air bag so as to protect a 
driver and etc, from an impact caused in a collision of the automobile, is 
incorporated into an air bag module mounted in a steering wheel. This gas 
generator instantaneously generates a large amount of high -temperature 
gas in response to a collision detection signal of a collision sensor in the 
event of collision. 

As one example of the gas generator for inflating the air bag, there is 
one shown in FIG. 25. This gas generator includes a housing 100, formed 
by an upper case 101 and a lower case 102 of a double cylindrical structure 
of having Hds. The housing 100 has a structure in which an aimxilar 
airtight space S is formed in the inside, by abutting and friction-welding at 
inner cyhndrical portions of the upper case 101 and a lower case 102 and 
outer cyhndrical portions thereof. In the airtight space S in the housing 
100, gas generating agents 103 and a cyhndrical filter member 104 are 
successively housed from the inner cylindrical portion toward the outer 
cylindrical portion. In the inner cylindrical portion, an igniter 105 ignited 
in response to a collision detection signal from a collision sensor and an 
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inflammation agent 106 fired by ignition of the igniter 105 are disposed. 

In the gas generator, the igniter 105 is ignited in response to the 
collision detection signal from the collision sensor to fire the inflammation 
agent 106, A flame of the inflammation agent 106 spouts through an 
igniter hole 107 of the inner cylindrical portion into the airtight space S, and 
the gas generating agents 103 fires and burns, so that a large amount of 
high-temperature gas is instantaneously generated. The large amount of 
high-temperature gas flows into the filter member 104, is subjected to slag 
collection process and cooHng process, and flows into an air bag from a 
plurahty of gas discharge ports 101a of the upper case 101 from now on. 
The air bag is rapidly inflated by the large amount of clean gas discharged 
from the respective gas discharge ports 101a. 

In the prior-art gas generator, in the case the igniter ignites in 
response to the collision detection signal from the collision sensor, the large 
amount of clean gas is instantaneously generated, and then the air bag is 
rapidly inflated regardless of a form of the collision of the automobile or of a 
seated posture of the driver. Therefore, in the case the driver is seated 
near a steering wheel, or even the case the automobile collides at a low 
speed, the driver receives an impact from the air bag inflating rapidly. As a 
result, there is a problem that the air bag cannot show a inherent function 
of protecting the driver. 

Therefore, it is an object of the present invention to provide a gas 
generator for allowing the inherent function of the air bag to be performed 
by slowly inflating the air bag in an initial stage of inflation and then 
rapidly inflating the air bag, or evenly discharge the clean gas around the 
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housing. 

DISCLOSURE OF THE INVENTION 

A first invention is a gas generator for mainly inflating an air bag for 
a driver's seat, wherein a gas generating agent is loaded in a combustion 
chamber in a housing and one or more igniters for firing and burning the 
gas generating agent in the combustion chamber are mounted in the 
housing. In this gas generator, one or more of the igniters are disposed 
eccentrically to an axis of the housing. In the gas generator, permeability 
of the high-temperature gas generated in the combustion chamber by 
combustion of the gas generating agent by the eccentric igniters is lower 
through a part closest to the respective igniters than through the other part. 

If the gas generating agent is fired and burned by the eccentric 
igniters as described above, combustion is locally generated in the 
combustion chamber. Therefore, in the first invention, by varying the 
permeability of the high-temperature gas, it is possible to distribute the gas 
throughout the combustion chamber and to evenly discharge the clean gas 
around the housing even if combustion is locally generated in the 
combustion chamber. As a result, the air bag is uniformly and smoothly 
inflated. Therefore, in the first invention, the passenger in the driver's seat 
does not receive an impact caused by uneven deplojnnent of the air bag even 
if the passenger is seated near the steering wheel. As a result of this, in 
the first invention, an inherent function of the air bag is performed in safety. 

A second invention is a gas generator for inflating an air bag mainly 
for a driver's seat, wherein a gas generating agent and a filter member are 
loaded and disposed in each of a plurality of combustion chambers in a 
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housing and a plurality of igniters for firing and burning the gas generating 
agents in the respective combustion chambers are disposed in the housing. 
In this gas generator, one or more igniters are disposed eccentrically to an 
axis of the housing. In the gas generator, permeability of a 
high-temperature gas generated in the combustion chambers by combustion 
of the gas generating agents by the eccentric igniters is lower through a part 
closest to the respective igniters than through the other part. 

If the gas generating agents are fired and burned by the eccentric 
igniters as described above, combustion is locally generated in the respective 
combustion chambers. Therefore, in the second invention, by varying the 
permeability of the high- temperature gas, it is possible to distribute the gas 
throughout the respective combustion chambers and to evenly discharge the 
clean gas from respective gas discharge ports around the housing even if 
combustion is locally generated in the respective combustion chambers. 

In the second invention, by actuating the respective igniters at 
intervals, it is possible to carry out multistage control of inflation in which 
the air bag is slowly inflated with a small amount of gas generated in only 
one combustion chamber in an initial stage of inflation of the air bag and 
then the air bag is rapidly inflated by adding gas generated in other 
combustion chambers. 

Therefore, in the second invention, the passenger in the driver^s seat 
does not receive an impact caused by rapid deployment and inflation of the 
air bag in the initial stage of inflation and by uneven deployment of the air 
bag, even if the passenger is seated near the steering wheel. As a result of 
this, in the second invention, an inherent function of the air bag is 

4 



performed in safety. 

In the second invention, as a structure for evenly discliarge the clean 
gas around the housing, one or more of structures of the gas passing holes of 
the inner cylindrical member, the gas discharge ports of the housing, and 
the filter member are employed. In any of the structures, it is possible to 
reliably discharge the clean gas from the gas discharge ports around the 
housing with a simple structure. 

A third invention is a gas generator for mainly inflating an air bag 
for a driver's seat, wherein a gas generating agent is loaded in a combustion 
chamber in a housing and one or more igniters for firing and burning the 
gas generating agent in the combustion chamber are disposed in the 
housing. In this gas generator, one or more of the igniters are disposed 
eccentrically to an axis of the housing. In the gas generator, firing flames 
of the eccentric igniters are controlled to spout around the axis of the 
housing. 

In the third invention, it is possible to start combustion to the gas 
generating agent in the vicinity of the eccentric igniters and in a large area 
around the axis of the housing at a distance from the igniters, so that it is 
possible to instantaneously shift the combustion to overall combustion. 
Therefore, it is possible to evenly generate the high-temperature gas by the 
eccentric igniters around the axis of the housing and to evenly discharge the 
clean gas around the housing. 

Therefore, in the third iavention, the passenger in the driver's seat 
does not receive an impact caused by uneven deployment of the air bag even 
if the passenger is seated near the steering wheel, as a result of this the 
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inherent function of the air bag can be performed in safety. 

A fourth invention is a gas generator for mainly inflating an air bag 
for a driver^s seat, wherein gas generating agents and a filter member are 
loaded and disposed in a plurahty of combustion chambers in a housing and 
a plurahty of igniters for firing and burning the gas generating agents in the 
respective combustion chambers are disposed in the housing. In this gas 
generator, one or more igniters are disposed eccentrically to an axis of the 
housing. In the gas generator, firing flames of the eccentric igniters are 
controlled to spout around axis of the housing. 

In the fourth invention, it is possible to start combustion to the gas 
generating agent in the vicinity of the eccentric igniters and in a large area 
around the axis of the housing at a distance from the igniters, so that it is 
possible to instantaneously shift the combustion to overall combustion. 
Therefore, it is possible to evenly generate the high- temperature gas by the 
eccentric igniters around the axis of the housing and to evenly discharge the 
clean gas around the housing. 

In the fourth invention, by actuating the respective igniters at 
intervals, it is possible to carry out multistage control of development in 
which the air bag is slowly inflated with a smaU amount of gas generated in 
only one combustion chamber in an initial stage of development of the air 
bag and then the air bag is rapidly inflated by adding gas generated in other 
combustion chambers. In the fourth invention, by actuating the respective 
igniters at intervals, it is possible to carry out multistage control of inflation 
in which the air bag is slowly inflated with a small amount of gas generated 
in only one combustion chamber in an initial stage of inflation of the air bag 
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and then the air bag is rapidly inflated by adding gas generated in other 
combustion chambers. 

Therefore, in the fourth invention, the passenger in the driver's seat 
does not receive an impact caused by rapid deployment and inflation of the 
air bag in the initial stage of inflation and by uneven deployment of the air 
bag, even if the passenger is seated near the steering wheel, as a result of 
this the inherent function of the air bag can be performed in sa^ty. 

In the fourth invention, as a structure for controlling the firing 
flames of the eccentric igniters to spout around the axis of the housing, any 
one of a pluraHty of firing holes of the igniters, firing holes of firing lids for 
covering the igniters, and a plurahty of firing holes of the igniters opened by 
the firing flames is employed. In any of the structures, it is, possible to 
reliably spout the firing flames of the eccentric igniters around the axis of 
the housing with a simple structure. 

A fifth invention is a gas generator for mainly inflating an air bag for 
a driver's seat, wherein a gas generating agent is loaded in a combustion 
chamber in a housing and one or more igniters for firing and burning the 
gas generating agent in the combustion chamber are disposed in the 
housing. In this gas generator, one or more of the igniters are disposed 
eccentricafly to an axis of the housing. In the gas generator, permeabiHty 
of a high-temperature gas generated in the combustion chamber by 
combustion of the gas generating agent by the eccentric igniters is lower 
through a part closest to the respective igniters than through the other part 
and firing flames of the eccentric igniters are controUed to spout around the 
axis of the housing. 
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If the gas generating agents are fired and burned by the eccentric 
igniters as described above, combustion is locally generated in the 
combustion chamber. Therefore, in the fifth invention, by varying the 
permeability of the high-temperature gas, it is possible to distribute the gas 
throughout the combustion chamber and to evenly discharge the dean gas 
around the housing even if combustion is locally generated in the 
combustion chamber. In the fifth invention, it is possible to start 
combustion to the gas generating agent in the vicinity of the eccentric 
igniters and in a large area around the axis of the housing at a distance 
from the igniters, so that it is possible to instantaneously shift the 
combustion to overall combustion. Therefore, it is possible to evenly 
generate the high-temperature gas by the eccentric igniters around the axis 
of the housing and to evenly discharge the dean gas around the housing. 

Therefore, in the fifth invention, the passenger in the driver's seat 
does not receive an impact caused by uneven deployment of the air bag, 
even if the passenger is seated near the steering wheel, as a result of this 
the inherent function of the air bag can be performed in safety. 

A sixth invention is a gas generator for mainly inflating an air bag 
for a driver's seat, wherein gas generating agents and a filter member are 
loaded and disposed in a plurahty of combustion chambers in a housing and 
a plurality of igniters for firing and burning the gas generating agents in the 
respective combustion chambers are disposed in the housing. In this gas 
generator, one or more igniters are disposed eccentrically to an axis of the 
housing. In the gas generator, permeability of a high- temperature gas 
generated in the combustion chambers by combustion of the gas generating 
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agents by the eccentric igniters is lower through a part closest to the 
respective igniters than through the other part and firing flames of the 
eccentric igniters are controlled to spout around the axis of the housing. 

If the gas generating agents are fired and burned by the eccentric 
igniters as described above, the combustion is locally generated in the 
respective combustion chambers. Therefore, in the sixth invention, by 
varying the permeabihty of the high-temperature gas, it is possible to 
distribute the gas throughout the respective combustion chambers and to 
evenly discharge the dean gas firom respective gas discharge ports around 
the housing even if combustion is locally generated in the respective 
combustion chambers. In the sixth invention, it is possible to start 
combustion to the gas generating agent in the vicinity of the eccentric 
igniters and in a large area around the axis of the housing at a distance 
firom the igniters, so that it is possible to instantaneously shift the 
combustion to overall combustion. Therefore, it is possible to evenly 
generate the high-temperature gas by the eccentric igniters around the axis 
of the housing and to evenly discharge the dean gas around the housing. 
Furthermore, in the sixth invention, it is possible to actuate the respective 
igniters at short intervals. By actuating the respective igniters at intervals, 
it is possible to carry out multistage control of inflation in which the air bag 
is slowly inflated with a smaU amount of gas generated in only one 
combustion chamber in an initial stage of inflation of the air bag and then 
the air bag is rapidly inflated by adding gas generated in other combustion 
chambers. 

Therefore, in the sixth invention, the passenger in the driver's seat 



does not receive an impact caused by rapid deployment and inflation of the 
air bag in the initial stage of inflation and by uneven deployment of the air 
bag even if the passenger is seated near the steering wheel. As a result of 
this, the inherent function of the air bag can be performed in safety. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a sectional view of a gas generator used for an air bag for a 
driver's seat according to the present invention. FIG. 2 is a sectional view 
taken along a line A-A in FIG. 1. FIG. 3 is an enlarged perspective view 
showing a structure of an inner cylindrical member. FIGS. 4(a) to 4(c) are 
drawings showing wire netting of stockinet and crimp -woven metal wire of 
which a filter member is molded. FIG, 5 is a sectional view showing a gas 
generator used for the air bag for the driver's seat according to a fijrst 
modification, FIG. 6 is a sectional view taken along a Une B-B in FIG. 
5. FIG. 7 is a sectional view of a gas generator used for the air bag for the 
driver's seat according to a second modification. FIG. 8 is a sectional view 
taken along a hne C-C in FIG. 7, FIG. 9 is a sectional view of a gas 
generator used for the air bag for the driver's seat according to a third 
modification. FIG. 10 is a sectional view of a gas generator used for the air 
bag for the driver's seat according to a fourth modification. FIG. 11 is a 
sectional view taken along a line D-D in FIG. 10. FIG. 12 is a sectional 
view of a gas generator used for the air bag for the driver's seat according to 
a fifth modification. FIG. 13 is a sectional view taken along a hne E-E in 
FIG. 12. FIG. 14 is an enlarged sectional view of a structure of an eccentric 
igniter. FIG. 15 is an enlarged perspective view of the igniter in FIG. 14. 
FIG. 16 is a sectional view of a gas generator used for the air bag for the 
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driver's seat according to a sixth modification. FIG. 17 is a sectional view 
of a gas generator used for the air hag for the driver's seat according to a 
seventh modification. FIG. 18 is a sectional view taken along a fine F-F in 
FIG. 17. FIG. 19 is an enlarged sectional view of a modification of the 
eccentric igniter. FIG. 20 is an enlarged perspective view of the igniter in 
FIG. 19. FIG. 21 is a sectional view of a gas generator used for the air bag 
for the driver's seat according to an eighth modification. FIG. 22 is a 
sectional view taken along a fine G-G in FIG. 21. FIGS. 23(a) to 23(c) are 
drawings showing expanded metal of which an inner cylindrical member is 
molded. FIG. 24 is a drawing showing an expanded state of the expanded 
metal in FIG. 23. FIG. 25 is a sectional view of a prior-art gas generator 
used for the air bag for the driver's seat. 
BEST MODES FOR CARRYING OUT THE INVENTION 

In order to describe the present invention further specifically, the 
invention will be described according to the accompanying drawings. 

A gas generator of the invention is mainly used for inflating an air 
bag for a driver's seat. In the gas generator of the invention, an inside of a 
housing is partitioned into a plurality of combustion chambers and gas 
generating agents in each of the combustion chambers are burned by a 
plurahty of igniters, so that a deployment process of the air bag is 
controllable. In the gas generator of the invention, a clean gas generated 
by combustion caused by the eccentric igniter is able to evenly discharge 
from respective gas discharge ports by adopting a structure in which one or 
more of the respective igniters are disposed eccentrically to an axis of the 
housing. 



The gas generator used for the air bag for the driver's seat will be 
described below based on FIGS, 1 to 24. 

The gas generator XI shown in FIGS. 1 and 2 can control a 
deployment process of an air bag and can discharge a clean gas evenly 
around an outer cylindrical portion 15 from respective gas discharge ports 
15a by a structure of an inner cyhndrical member 2. The gas generator XI 
includes a housing 1 of short cylindrical shape, the inner cylindrical member 
2 mounted in the housing 1, a partition member 5 for partitioning an inside 
of the inner cylindrical member 2 into upper and lower two combustion 
chambers 3 and 4, gas generating agents 6 and a filter member 7 loaded and 
disposed in each of the combustion chambers 3 and 4, and two squibs 8 and 
9 for independently burning the gas generating agents 6 in the respective 
combustion chambers 3 and 4. 

The housing 1 is a double cylindrical structure in which an annular 
airtight space S is formed inside by using an upper case 10 and a lower case 
11. The upper case 10 has a disc shaped upper hd portion 12, an outer 
cylindrical projecting portion 13 projecting from an outer circumferential 
edge of the upper Hd portion 12, and an iimer cylindrical projecting portion 
14 projecting from a central portion of the upper hd portion 12 into the 
airtight space S, and these portions 12, 13, and 14 are integrally molded by 
an aluminum alloy or the like. The lower case 11 has outer cylindrical 
portion 15 of the short cyhndrical shape, a disc-shaped lower Hd portion 16 
for closing a lower end portion of the outer cylindrical portion 15, and a long 
inner cylindrical portion 17 extending from a central portion of the lower Hd 
portion 16 into the airtight space S, and these portions 15, 16, and 17 are 



integrally formed by an alumiaum alloy or the like. 

A plurality of gas discharge ports opened into the airtight space S 
are formed in an upper end portion of the outer cylindrical portion IS.The 
respective gas discharge ports 15a are disposed at predetermined intervals 
in a circumferential direction of the housiag 1 as shown also in FIG. 2. The 
respective gas discharge ports 15a are closed with a burst plate 21 stuck on 
an inner surface of the outer cylindrical portion 15. The burst plate 21 is 
formed by foil of a metal such as aluminum, for example, and has functions 
of preventing moisture from entering the housing 1 and adjusting an 
internal pressure at the time of combustion. A plurahty of squib holes 17a 
opening into the airtight space S are formed in an upper end portion of the 
long inner cylindrical portion 17. The respective squib holes 17a are 
disposed at predetermined intervals in the circumferential direction of the 
housing 1. 

The lower Hd portion 16 is integrally formed with a short inner 
cylindrical portion 18 eccentrically located radially outward from an axis of 
the housing 1. The short inner cyUndrical portion 18 projects from between 
the outer cylindrical portion 15 and the long inner cylindrical portion 17 into 
inside of the housing 1. A projecting length of the short inner cylindrical 
portion 18 is shorter than the length of the outer cylindrical portion 15, 
whUe a projecting length of the long inner cylindrical portion 17 is the same 
length as the outer cylindrical portion 15. A flange cylindrical portion 19 
extending along a radial outside of the outer cylindrical portion 15 is formed 
at an outer circumferential edge of the lower hd portion 16. the flange 
cylindrical portion 19 has a side flange 20 at an upper end portion, and the 



side flange 20 is bent horizontally to a radially outward direction of the 
outer cyHndrical portion 15. The side flange 20 is mounted to a retainer of 
an air bag module. 

The housing 1 is a double cyHndrical structure in which upper and 
lower end of the outer cylindrical portion 15 and the long ianer cyUndrical 
portion 17 are closed with the respective hd portions 12, 16. Specifically a 
lower end of the outer cyHndrical projecting portion 13 of the upper case 10 
is butted against an upper end of the outer cyHndrical portion 15 and a 
lower end of the inner cyHndrical projecting portion 14 is butted against an 
upper end of the long inner cyHndrical portion 17 and then the respective 
lower ends and the upper ends to each other are joined by welding (e.g., 
Motion welding). As a result, the inside of the housing 1 is partitioned into 
the annular airtight space S and a housing space Si. The annular airtight 
space S is located between the outer cyHndiical projecting portion 13, the 
outer cyHndrical portion 15 and the inner cyHndrical projecting portion 14, 
the long inner cyHndrical portion 17, and the housrag space Si is located to 
inside of the inner cyHndrical projecting portion 14 and the long inner 
cyHndrical portion 17. 

The airtight space S in the housing 1 is partitioned into the upper 
and lower two combustion chambers 3, 4 in an axial direction of the housing 
1 by the inner cylindrical member 2 and the partition member 5. The inner 
cyHndrical member 2 is formed in a cyHndrical shape and is mounted in 
between the outer cyHndrical portion 15 and the short inner cyHndrical 
portion 18, and concentricaUy located to the inner cyHndrical projecting 
portion 14 and the long inner cyHndrical portion 17. The inner cyHndrical 
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member 2 is extended from the lower lid portion 16 to a vicinity of the upper 
Ud portion 12. An upper end of the inner cylindrical member 2 is closed 
with a Ud member 22 press-fitted to an outer periphery of the long inner 
cylindrical portion 17. As a result, the inner cyhndrical member 2 
partitions the airtight space S in the housing 1 into an annular gas passing 
space S2 between the outer cyhndrical portion 15 and the inner cylindrical 
member 2 and an annular combustion space S3 between the long inner 
cylindrical portion 17 and the inner cylindrical member 2. The inner 
cyhndrical member 2 has a pluraHty of gas passing holes 2a for connecting 
the gas passing space S2 and the combustion space S3. The respective gas 
passing holes 2a are disposed axially and circumferentially in the inner 
cyhndrical member 2, as shown also in FIG. 2. The number of gas passing 
holes 2a of a circumferential part area 8 in the inner cylindrical member 2 
closest to the short inner cyhndrical portion 18 is smaller than that in a 
circumferential part area £ at a distance from the short inner cyhndrical 
portion 18. As a result, the inner cyhndrical member 2 has a structure of 
which a permeabihty of gas at the circumferential part area 8 closed to the 
short inner cylindrical portion 18 in the side of the lower combustion 
chamber 4 is lower than that of the other circumferential part area £ . 

The inner cylindrical member 2 is made of porous sheet steel (e.g., 
punching metal) formed such that the number of the gas passing holes 2a at 
the circumferential part area 8 in the inner cylindrical member 2 is 
smaller than that at the other circumferential part area e , as shown in 
FIG. 3. The inner cyhndrical member 2 is formed by molding a cylindrical 
shape by the porous sheet steel and then joining opposite ends to each other 



by a joining method such as spot welding. 

The partition member 5 is mounted in between the upper lid portion 
12 and the lower lid portion 16, and is mounted in the inner cylindrical 
member 2, approximately parallel to the upper Md portion 12 and the lower 
lid portion 16. And partition member 5 partitions the combustion space S3 
in inner cylindrical member 2 into the upper and lower two combustion 
chambers 3, 4 in the axial direction of the housing 1. A through hole 24 of a 
center of the partition member 5 is fitted in an outer periphery of the long 
inner cyhndrical portion 17, and the partition member 5 is positioned at 
upper side of short inner cylindrical portion 18 and to state of facing the 
short inner cylindrical portion 18. As a result, the long inner cylindrical 
portion 17 is placed to the state of passiag through the lower combustion 
chamber 4 and the partition member 5 and projecting into the upper 
combustion chamber 3. The short inner cylindrical portion 18 is placed to 
the state of projecting into the lower combustion chamber 4. In each of the 
combustion chambers 3, 4, the gas generating agents 6 are loaded into the 
chambers 3, 4, and the filter member 7 is disposed at surround the gas 
generating agents 6. 

The filter members 7 of the respective combustion chambers 3, 4 are 
formed to cylindrical shapes which is fi-eely mounted into the inner 
cyhndrical member 2. The filter member 7 of the upper combustion 
chamber 3 is mounted in the inner cyhndrical member 2, and is formed to 
state of contacting with the hd member 22 from the partition member 5. 
The filter member 7 of the lower combustion chamber 4 is mounted in the 
inner cylindrical member 2, and is formed to state of contacting with the 
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partition member 5 from the lower lid portion 16. Each the filter member 7 
is preferably produced at a low cost by press-forming wire netting of 
stockinet as shown in FIG. 4(a) or an assembly of crimp -woven metal wire 
as shown in FIG. 4(b) into the cyhndrical shape as shown in FIG. 4(c). 

A cushion member 25 in contact with the partition member 5 is 
disposed in between the gas generating agents 6 and the partition member 5 
in the lower combustion chamber 4. The cushion member 25 has a function 
of preventing the gas generating agents 6 from powdering by vibration and 
a function of a heat insulator for suppressing heat transfer between the 
combustion chambers 3, 4. Therefore, as the cushion member 25, it is 
preferable to use elastic material such as ceramic fibers having a function of 
heat insulation. A cushion member 26 in contact with the lid member 22 is 
disposed in between the gas generating agents 6 and the Hd member 22 in 
the upper combustion chamber 3. The cushion member 26 has a function of 
preventing the gas generating agents 6 from powdering of by vibration. 
It is preferable to use elastic material such as silicon rubber and silicon 
foam as the cushion member 26. It is also possible to use material such as 
ceramic fibers having the function of heat insulation as the cushion member 
26. 

The respective squibs 8, 9 are individually mounted in the housing 
space SI and the short inner cyhndrical portion 18. The respective squibs 
8, 9 are joined airtight on a tapered step portions 27 formed in the 
respective inner cylindrical portions 17, 18 by a sealing members. The 
respective squibs 8, 9 are fixed caulking by bending to inward at a caulked 
portion 28, a tip end of the respective inner cyhndrical portions 17,18. The 
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squib 8 faces to an enhancer 29 in the housing space Si. The enhancer 29 
is positioned in the upper lid portion 12 side of the upper case 10, and is 
housed at state of closing the respective squib holes 17a, The respective 
squibs 8, 9 are ignited based on a collision detection signal from a collision 
sensor. 

Thus, the squib 8 in the long inner cylindrical portion 17 is 
positioned on the axis a of the housing 1, and ignites the enhancer 29, and 
causes the firing flame of the enhancer 29 to spout into the upper 
combustion chamber 3 through the respective squib holes 17a. The squib 9 
in the short inner cylindrical portion 18 projects into the lower combustion 
chamber 4 in a position eccentric to the axis a of the housing 1 and is close 
to the circumferential part 5 of the inner cyhndrical member 2. 

Next, actuation of the gas generator XI will be described. 

If the collision sensor detects a coUision of the automobile, the 
enhancer 29 is fired by actuating the squib 8 only. The firing flame of the 
enhancer 29 spouts in radial directions in the upper combustion chamber 3 
from the respective squib holes 17a throughout the circumferential direction 
of the housing 1. By uniformly burning the gas generating agents 6 with 
this flame, a high-temperature gas is generated. At this time, transfer of 
heat of combustion generated ia the upper combustion chamber 3 is 
suppressed (slowed) by the heat insulating function of the cushion member 
25 and simultaneous firing of the gas generating agents 6 in the lower 
combustion chamber 4 is prevented. 

The high"temperature gas generated in the upper combustion 
chamber 3 flows throughout the circumferential direction of the housing 1 
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and into the filter member 7, is subjected to slag collection and cooling, and 
flows through the respective gas passing holes 2a of the inner cylindrical 
member 2 out into the gas passing space S2. When combustion in the 
upper combustion chamber 3 advances and pressure in the housing 1 
reaches a predetermined value, the burst plate 21 bursts and a clean gas 
which is made uniform in the gas passiag space S2 is discharged from the 
respective gas discharge ports 15a into an air bag. As a result, the air bag 
starts slow deployment and inflation with a small amount of clean gas 
generated in only the upper combustion chamber 3. 

Then, if the squib 9 is actuated after a short interval from a start of 
combustion in the upper combustion chamber 3, the gas generating agents 6 
in the lower combustion chamber 4 are forcibly fired, a combustion is 
started, and a high- temperature gas is generated. The combustion in the 
combustion chamber 4 is started with a state that the gas generating agents 
6 around the squib 9 are burned locally. The combustion moves to the 
circumferential direction of the housing 1, and shifts to overall combustion 
as the time is passed. Therefore, in an initial stage of combustion in the 
lower combustion chamber 4, the high-temperature gas generated around 
the squib 9 flows into the filter member 7 from a near portion of the squib 9. 
When the high-temperature gas is flowed into the filter member 7, an 
amount of the gas that is flowed into the gas passing space S2 is restricted 
by the circumferential part 8 of the inner cylindrical member 2, so that 
most gas which has flowed in the filter member 7 flows in a circumferential 
direction of the filter member 7. This is because most high-temperature 
gas which has flowed into the filter member 7 collides with an periphery 
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inside of the inner cylindrical member 2 and changes a flow of the gas by the 
number of the gas passing holes 2a formed in the circumferential part of the 
inner cylindrical member 2 is small. As a result, even if the combustion 
locally around the squib 9 is caused in the iaitial stage of the combustion, it 
is possible to distribute the high -temperature gas to the circumferential 
direction of the filter member 2 and to cause the clean gas to flow evenly 
into the gas passing space S2. 

The clean gas that generated in the lower combustion chamber 4 and 
that is flowed into the gas passing space S2 is evenly discharged around the 
outer cylindrical portion 15 from the respective gas discharge ports 15a. 
Thus, the air bag shifts to rapid deployment and inflation by a large amount 
of clean gas discharged from both the combustion chambers 3, 4. As a 
result, in the initial stage of inflation, the air bag starts slow deployment 
and iaflation by the small amount of gas generated in only the upper 
combustion chamber 3. Thereafter, if a short time elapses since the initial 
stage of deployment and inflation, the air bag shifts to rapid-moving 
deployment and inflation by the large amount of gas that generated in both 
the combustion chambers 3, 4. The airbag is inflated evenly and smoothly 
with the clean gas that evenly discharged from the respective gas discharge 
ports 15a around the outer cylindrical portion 15. 

When combustion in the upper combustion chamber 3 starts, a part 
of the high-temperature gas flows into the lower combustion chamber 4 
through the gas passing space S2 and the like. Because the 
high-temperature gas flowing iato the lower combustion chamber 4 is cooled 
while passiQg the inner cylindrical member 2 and the filter member 7 on the 
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lower combustion chamber 4 side from the gas passing space S2 in the 
initial stage when the combustion starts, the gas does not cause 
spontaneous firing of the gas generating agents 6 in the lower combustion 
chamber 4. However, when combustion in the upper combustion chamber 3 
advances to increase a temperature of the filter member 7 in the lower 
combustion chamber 4, the gas eventually causes spontaneous firing of the 
gas generating agents 6 in the lower combustion chamber 4. Therefore, in 
order to forcibly fire the gas generating agents 6 in the respective 
combustion chambers 3, 4 by the respective squibs 8, 9 at a short interval, it 
is necessary to retard timing of spontaneous firing of the gas generating 
agents 6 in the lower combustion chamber 4 by a time period longer than 
the short interval by a heat quantity of the high-temperature gas flowing 
into the lower combustion chamber 4. 

Actuation of the respective squibs 8, 9 is not necessarily required to 
be carried out at the short interval and actuation of the respective squibs 8, 
9 may be properly selected according to a form of the collision of the 
automobile. 

For example, in highly dangerous collision such as a head-on 
collision and a diagonal frontal coUision at a high speed, the respective 
squibs 8, 9 are actuated simxxltaneously to rapidly expand and inflate the air 
bag with the large amount of gas generated in both the combustion 
chambers 3, 4. In a moderately dangerous collision, the respective squibs 8, 
9 are actuated at the short interval to slowly expand and inflate the air bag 
with the small amount of gas in the initial stage of inflation and then to 
rapidly expand and inflate the air bag with the large amount of gas after the 
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short interval. In a less dangerous collision, by actuatiQg the only one 
sqtiib 8, the gas generating agents 6 ia the upper combustion chamber 3 are 
fired forcibly. Thus, the air bag takes relatively much time to slowly 
expand and inflate with the small amount of gas. 

As described above, according to the gas generator XI, by actuating 
the respective squibs 8, 9 at the short interval, it is possible to carry out 
inflation control such that the air bag is slowly inflated with the small 
amount of gas generated in only the upper combustion chamber 3 in the 
initial stage of inflation of the air bag and then is rapidly inflated with the 
large amount of gas generated in both the combustion chambers 3, 4 (the 
amount of gas discharged into the air bag can be controlled in two steps). 

According to the gas generator XI, because the gas discharged fi^om 
the respective gas discharge ports 15a around the outer cylindrical portion 
15 can be made uniform, it is possible to uniformly and smoothly expand 
and inflate the air bag even if the respective squibs 8, 9 are disposed 
eccentrically to the axis a of the housing 1 so as to control inflation of the air 
bag. 

Therefore, even if a passenger in the driver's seat is seated near a 
steering wheel, the passenger does not receive an impact caused by rapid 
deployment and inflation of the air bag in the initial stage of inflation or by 
uneven deployment and inflation of the air bag, as a result of this an 
inherent function of the air bag can be performed in safety. 

Although the gas generator XI has function that the gas is evenly 
discharged from the respective gas discharge ports 15a around the outer 
cylindrical portion 15 by adjusting the number of gas passing holes 2a 
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formed in the inner cylindrical member 2, it is also possible to obtain the 
same function by adjusting opening areas of the respective gas passing holes 
2a. If the number or the opening areas of the gas passing holes 2a formed 
in the circumferential part b of the inner cyhndrical member 2 is (are) 
increased as a distance from the squib 9 increases, it is possible to reliably 
distribute the gas in the combustion initial stage throughout the 
circumferential direction of the housing 1. 

Next, a gas generator X2 shown in FIGS. 5 and 6 will be described. 
In the gas generator X2 in FIGS. 5 and 6, the deployment process of 
the air bag can be controlled and the clean gas can be evenly discharged 
from the respective gas discharge ports 15a around the outer cylindrical 
portion 15 by structures of the respective gas discharge ports 15a in the 
outer cylindrical portion 15. In FIGS. 5 and 6, the same members as those 
in FIGS. 1 and 2 are provided with the same reference numerals to avoid 
repetition of description. 

In FIGS. 5 and 6, the number of respective gas discharge ports 15a 
formed in a circumferential part a of the outer cylindrical portion 15 closest 
to the squib 9 in the short inner cylindrical portion 18 is smaller than that 
in a circumferential part jS of the outer cylindrical portion 15 at a 
distance from the squib 9. The number of gas discharge ports 15a formed 
in the circumferential part j9 of the outer cylindrical portion 15 is 
increased as a distance from the squib 9 increases and the number of gas 
discharge ports 15a is the largest in the part facing the short inner 
cyhndrical portion 18 through the long inner cyhndrical portion 17. As a 
result, permeability of gas through the respective gas discharge ports 15a in 



the outer cylindrical portion 15 is lower in the circumferential part a close 
to the squib 9 in the short inner cylindrical portion 18 than that in the other 
circumferential part ^ . The inner cylindrical member 2 uniformly formed 
with the gas passing holes 2a at predetermined intervals in its axial and 
circumferential directions is used. 

Next, actuation of the gas generator X2 will be described. 

If the collision sensor detects a collision of the automobile and only 
the squib 8 is actuated, the high-temperature gas generated in the upper 
combustion chamber 3 is subjected to slag collection and cooKng in the filter 
member 7 and made uniform in the gas passing space S2 and then starts to 
be discharged into the air bag similarly to FIG. l.The air bag starts slow 
deployment and inflation with the small amount of clean gas generated in 
only the upper combustion chamber 3. 

Then, if the squib 9 is actuated after a short interval from a start of 
combustion in the upper combustion chamber 3, a combustion of the gas 
generating agents 6 in the lower combustion chamber 4 starts, and the air 
bag shifts to rapid deployment and inflation by the large amount of dean 
gas discharged from both the combustion chambers 3, 4 similarly to FIG. 1. 

At this time, the high-temperature gas generated around the squib 9 
in the lower combustion chamber 4 passes through the filter member 7 and 
the inner cylindrical member 2 firom the portion close to the squib 9, is 
subjected to slag collection and cooHng in the filter member 7 and the inner 
cylindrical member 2, and flows out into the gas passing space S2. The 
clean gas which has flowed out into the gas passing space S2 is once collided 
with the inner periphery of the outer cylindrical portion 15, a flowing 



direction of the gas is changed to the axial or circumferential direction of the 
gas passing space S2, and the gas is flowed toward the respective gas 
discharge ports 15a in the outer cylindrical portion 15. Because the 
number of gas discharge ports 15a formed in the circumferential part a of 
the outer cylindrical portion 15 is small, the amount of gas discharged from 
the circumferential part a into the air bag is restricted and distributed to 
the circumferential direction of the gas passing space S2. As a result, even 
if the combustion is locally generated around the squib 9 in the initial stage 
of the combustion in the lower combustion chamber 4, it is possible to make 
the gas discharged from the respective gas discharge ports 15a around the 
outer cyhndrLcal portion 15 uniform by the number of gas discharge ports 
15a formed in the outer cyUndrical portion 15. 

In the gas generator X2, similarly to the gas generator XI in FIG. 1, 
the air bag can be inflated according to the form of the collision of the 
automobile by properly selecting the short interval between actuation of the 
respective squibs 8, 9. It is also possible that the permeabihty of the gas 
through the circumferential part a is lower than that through the other 
circumferential part jS by adjusting open areas of the respective gas 
discharge ports 15a without depending on the number of the formed holes 
15a. 

As described above, according to the gas generator X2, because 
control of inflation of the air bag can be easily carried out and the air bag 
can be inflated uniformly and smoothly similarly to FIG. 1, the inherent 
function of the air bag can be performed in safety. 

Next, a gas generator X3 shown in FIGS. 7 and 8 will be described. 



In the gas generator X3 in FIGS. 7 and 8, the deployment process of 
the air bag can be controlled and the clean gas can be evenly discharged 
from the respective gas discharge ports 15a around the outer cyHndrical 
portion 15 by a structure of the filter member 7. In FIGS. 7 and 8, the 
same members as those in FIGS. 1 and 2 are provided with the same 
reference numerals to avoid repetition of description. 

In FIGS. 7 and 8, the filter member 7 has a structure of which 
permeability of the gas in the lower combustion chamber 4 is varied in the 
circumferential direction of the housing 1. The filter member 7 has a 
structure of which the passing of gas through the circumferential part 4> 
closest to the squib 9 in the short inner cylindrical portion 18 is harder than 
passing through the circumferential part a at a distance from the squib 9. 
The circumferential part o in the filter member 7 has structures of which 
the permeability of the gas increases as a distance from the squib 9 
increases, and that the permeability is the highest in the part facing the 
short inner cyHndrical portion 18 through the long inner cyHndrical portion 
17. 

As the structure of the filter member 7, a structure in which a rate of 
voids (hereafter referred to as a void rate) formed by wire netting of 
stockinet or crimp -woven metal wire (see FIG. 4) is made uniform and the 
number of layers of the wire netting or the metal wire is increased such that 
a radial thickness of the circumferential part <t) is larger than that of the 
part a and that an inside diameter at the circumferential part <f) is 
smaller, a structure in which the radial thickness of the filter member 7 is 
made uniform and the wire netting or the metal wire is gathered densely 
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such that the void rate in the circumferential part <J) is smaller than that 
in the part a , or the like is employed. As a result, in the filter member 7, 
the permeability of the gas through the circumferential part ^ close to the 
squib 9 in the short inner cylindrical portion 18 on the lower combustion 
chamber 4 side is lower than that through the other part a . 

The housing 1 is formed by integrally molding the outer cylindrical 
portion 15 with the upper lid portion 12 of the upper case 10 concentrically 
with the inner cylindrical projecting portion 14 and is formed into the 
structure of double cyhndrical portions in which upper and lower end 
portions of the outer cylindrical portion 15 and the long inner cylindrical 
portion 17 are closed with the respective hds 12 and 16 by butting an upper 
end of the outer cylindrical portion 15 of the upper case 10 against an upper 
end of the outer cylindrical projecting portion 13 of the lower lid portion 17, 
butting a lower end of the inner cylindrical projecting portion 14 against an 
upper end of the long inner cyhndrical portion 17, and joining the respective 
lower ends and the upper ends to each other by welding (e.g., friction 
welding). The inner cylindrical member 2 evenly formed with the gas 
passing holes 2a at predetermined intervals in its axial and circumferential 
directions is used. 

Next, actuation of the gas generator X3 will be described. 

If the coDision sensor detects a collision of the automobile and only 
the squib 8 is actuated, the high-temperature gas generated in the upper 
combustion chamber 3 is subjected to slag collection and cooling in the filter 
member 7 and made uniform in the gas passing space S2 and then starts to 
be discharged into the air bag similarly to FIG. 1. The air bag starts slow 
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deployment and inflation by the small amount of clean gas generated in only 
upper combustion chamber 3. 

Then, if the squib 9 is actuated after a short interval from a start of 
combustion in the upper combustion chamber 3, combustion of the gas 
generating agents 6 in the lower combustion chamber 4 starts and the air 
bag shifts to rapid deployment and inflation with the large amount of clean 
gas discharged from both the combustion chambers 3 and 4 similarly to FIG. 
1. 

At this time, the high-temperature gas generated around the squib 9 
in the lower combustion chamber 4 flows into the filter member 7 from the 
circumferential part 0 close to the squib 9. Because the filter member 7 
has a structure of which the passing of gas through the circumferential part 
(j) is harder than passing through the part a , a greater part of the 
high-temperature gas which cannot flow in from the circumferential part (t> 
of the filter member 7 flows in the circumferential direction away from the 
squib 9. Then, the high -temperature gas successively flows in from the 
circumferential part o of the filter member 7 while flowing away from the 
squib 9. A surplus of high- temperature gas which cannot flow in flows in 
from the circumferential part a at a greater distance from the squib 9. As 
a result, even if a combustion is generated locally around the sqvdb 9 in the 
initial stage of the combustion in the lower combustion chamber 4, it is 
possible to distribute the high-temperature gas in the circumferential 
direction of the housing 1 by the structure of the filter member 7. 
Therefore, it is possible to made the gas discharge from the respective gas 
discharge ports 15a through the gas passing space S2 around the outer 

28 



cylindrical portion 15 uniform. 

In the gas generator X3, similarly to the gas generator XI in FIG. 1, 

the air bag can be inflated according to the form of the collision of the 

automobile by properly selecting the short interval between actuation of the 

respective sqvdbs 8, 9. 

As described above, according to the gas generator X3, because 

control of inflation of the air bag can be easily carried out and the air bag 

can be inflated uniformly and smoothly similarly to FIG. 1, the inherent 

function of the air bag can be performed in safety. 

In the gas generator X3 in FIGS. 7 and 8, although the filter 
members 7 are respectively disposed in the respective combustion chambers 
3 , 4, it is also possible to integrally mold the filter member 7 in the 
respective combustion chambers 3, 4 as shown in FIG. 9. 

In FIG. 9, the filter member 7 is mounted in the inner cyhndrical 
member 2 to extend from the lower hd portion 16 to the hd member 21 and 
has a step 7a projecting inward in a radial direction above the squib 9 on the 
side of the circumferential part ^ of the filter member 7. Thus, the filter 
member 7 and the inner cylindrical member 2 partition the airtight space S 
into the gas passing space S2 and the combustion space S3. The 
combustion space S3 is partitioned into the upper and lower two combustion 
chambers 3, 4 by the partition member 5 mounted in the filter member 7. 
The partition member 5 is positioned to face the squib 9 at an upper portion 
of the squib 9 in the short inner cyhndrical portion 18 by bringing an outer 
circumferential edge of the partition member 5 into contact with the step 7a 
of the filter member 7. In the respective combustion chambers 3, 4, the gas 
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generating agents 6 are loaded. 

As described above, in the case that the filter member 7 in the 
respective combustion chambers 3, 4 is integrally molded, it is possible to 
reduce the number of parts and manvifacturing costs as compared with the 
filter members 7 respectively disposed in the respective combustion 
chambers 3 and 4. Even if a combustion generated locally around the squib 
9 in the initial stage of the combustion in the lower combustion chamber 4, 
it is possible to distribute the high-temperature gas in the circumferential 
direction of the housing 1 by the structure of the filter member 7. 
Therefore, it is possible to make the gas passing through the gas passing 
space S2 and discharged ficom the respective gas discharge ports 15a around 
the outer cylindrical portion 15 uniform. 

Next, a gas generator X4 shown in FIGS. 10 and 11 will be 
described. 

In the gas generator X4 in FIGS. 10 and 11, the housing 1 is formed 
into a structure of a single cylindrical portion and the respective squibs 8, 9 
are disposed eccentrically to the axis a of the housing 1. In the gas 
generator X4, the deplojmaent process of the air bag can be controlled and 
the dean gas can be evenly discharged from the respective gas discharge 
ports 15a around the outer cylindrical portion 15 by a structure of the filter 
member 7. In FIGS. 10 and 11, the same members as those in FIGS. 1 and 
2 are provided with the same reference numerals to avoid repetition of 
description. 

In FIGS. 10 and 11, the housing 1 is a single cylindrical structure in 
which the airtight space S is formed inside by the upper case 10 and the 
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lower case 11. The upper case 10 has the outer cylindrical portion 15 and 
the upper Hd portion 12 for closing the upper end portion of the outer 
cylindrical portion 15, and the outer cyhndrical portion 15 and the upper lid 
portion 12 are integrally molded with an aluminum alloy or the like. The 
lower case 11 has a lower lid portion 16, a outer cylindrical projecting 
portion 13 projected from the outer circumferential side of the lower hd 
portion 16, and a flange cyhndrical portion 19 extended along an radial 
outside of the outer cylindrical projecting portion 13 from a periphery of the 
outer circumferential edge of the lower hd portion 16. The lower hd portion 
16, the outer cyhndrical projecting portion 13, and the flange cyhndrical 
portion 19 are integrally molded with the aluminum alloy or the hke. 

The long inner cylindrical portion 17 and the short inner cylindrical 
portion 18 are integrally molded to the lower hd portion 16 so as to be 
projected toward the outer cyhndrical portion 15, and are disposed 
eccentrically outward ia the radial direction to the axis a of the housing 1. 
The inner cyhndrical portions 17 and 18 are symmetrical with the axis a of 
the housing 1. The long inner cyhndrical portion 17 is projected to be 
shghtly shorter than the outer cyhndrical portion 15. The short inner 
cyhndrical portion 18 is projected to be shorter than the long iimer 
cylindrical portion 17. 

The housing 1 is a single cyhndrical structure in which the upper 
and lower end portions of the outer cylindrical portion 15 are closed with the 
respective hds 12, 16 by butting the lower end of the outer cyhndrical 
portion 15 of the upper case 10 against the upper end of the outer cyhndrical 
projecting portion 13 and joining the lower end and the upper end to each 
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other by welding (e.g., feiction welding). As a result, the airtight space S is 
formed in the housing 1. 

The airtight space S in the housing 1 is partitioned into the annular 
gas passing space S2 and the combustion chamber S3 by the inner 
cylindrical member 2 that is located between the respective inner cylindrical 
portions 17, 18 and the outer cyhndrical portion 15. The annular gas 
passing space S2 is located between an outer periphery of the inner 
cyHndrical member 2 and an inner periphery of the outer cylindrical portion 
15, and the combustion chamber S3 is located inside the inner cylindrical 
member 2. The inner cylindrical member 2 is extended from the lower hd 
portion 16 to the vicinity of the upper hd portion 12 and an upper end 
portion of the inner cylindrical member 2 is closed with a Hd member 30. 
The combustion space S3 in the inner cylindrical member 2 is partitioned 
into the upper and lower two combustion chambers 3, 4 by the partition 
member 5. The partition member 5 is mounted with substantially parallel 
to the upper lid portion 12 and the lower lid portion 16 ia the inner 
cylindrical member 2 between these lid portions 12 and 16. The partition 
member 5 has a through hole 31 formed eccentrically to a central portion, 
and is positioned facing the short inner cylindrical portion 18 at an upper 
side thereof by fitting a through hole 31e on the long inner cylindrical 
portion 17. The long inner cylindrical portion 17 is passing through the 
lower combustion chamber 4 and the partition member 5 and projecting into 
the upper combustion chamber 3. On the other hand, the short inner 
cyHndrical portion 18 is projecting into the lower combustion chamber 4. 
In each of the combustion chambers 3, 4, the gas generating agents 6 are 
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loaded and the filter member 7 is mounted surrounding the gas generating 
agents 6. 

The filter member 7 has a structure of which permeability of the gas 
in the lower combustion chamber 4 is varied in the circumferential direction 
of the housiag 1. Specifically, the filter member 7 has a structure of which 
the passing of gas through the circumferential part <f) closest to each inner 
cylindrical portion 17, 18 is harder than passing through the circumferential 
part a at a distance from each inner cyHndrical portion 17, 18. 
The circumferential part o of each filter member 7 is formed so that the 
permeabUity of the gas is increased as a distance from each inner cylindrical 
portion 17, 18 gets longer. The filter member 7 is made to inside diameter 
smaller at the circumferential part ^ by a structure member that the 
number of layers of the wire netting or the metal wire in the circumferential 
part (I) is increased so that a radial thickness of the circumferential part <f> 
is larger than that of the part a . The filter member 7 may be made by a 
structure material that the wire netting or the metal wire is gathered 
densely at the circuraferential part <!> such that the void rate of the 
circumferential part <f> is smaller than that of the part o . As a result, in 
the respective filter members 7, the permeabihty of the gas through the 
circumferential part 0 close to the respective inner cylindrical portions 17, 
18 in the respective combustion chambers 3, 4 is lower than that through 
the other part a . 

The respective sqxiibs 8, 9 are individually mounted and fi:xed by 
cauUdng in the respective inner cyhndrical portions 17, 18. The squib 8 in 
the long inner cyhndrical portion 17 is projected into the upper combustion 
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chamber 3 and is located near the circumferential part a of the filter 
member 7. 

On the other hand, the squib 9 in the short inner cylindrical portion 18 is 
projected into the lower combustion chamber 4 and is in contact with the 
cushion member 25 and is located near the circumferential part 4> of the 
filter member 7. 

Next, actuation of the gas generator X4 will be described. 

If the collision sensor detects a coUision of the automobile and only 
the squib 8 is actuated, the high-temperature gas generated in the upper 
combustion chamber 3 is subjected to slag collection and cooling in the filter 
member 7 and made uniform in the gas passing space S2 and then starts to 
be discharged into the air bag similarly to FIG. 1. The air bag starts slow 
deployment and inflation with the small amount of clean gas generated in 
only the upper combustion chamber 3. 

At this time, the combustion in the upper combustion chamber 3 
starts when the gas generating agents 6 around the squib 8 are burned 
locally. The combustion moves to the circumferential direction of the 
housing 1, and shifts to overall combustion as the time is passed. 
Therefore, the high-temperature gas generated around the squib 8 in an 
initial stage of combustion in the upper combustion chamber 3 flows into the 
filter member 7 from the circumferential part 4) located near the squib 8. 
However, because the passing of gas through the circumferential part (j) is 
harder than the passing of the part a , a great amount of the 
high- temperature gas which cannot flow in from the circumferential part (j) 
of the filter member 7 flows in the circumferential direction away from the 
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squib 8. The high-temperature gas successively flows into through the 
circumferential part o of the filter member 7 while flowing away from the 
squib 8. A surplus of the high-temperature gas which cannot flow flows 
into through the circumferential part a with a great distance from the 
squib 8. As a result, in the initial stage of the combustion of the upper 
combustion chamber 3, even if the combustion is generated locally around 
the squib 8 , it is possible to distribute the high-temperature gas in the 
circumferential direction of the housing 1 by the structure of the filter 
member 7, Therefore, it is possible to discharge uniformly the gas passed 
through the gas passing space S2 around the outer cylindrical portion 15 
from the respective gas discharge ports 15a. 

Then, if the squib 9 is actuated after a short interval from a start of 
combustion in the upper combustion chamber 3, a combustion of the gas 
generating agents 6 in the lower combustion chamber 4 starts, and the air 
bag shifts to rapid deployment and inflation by the large amount of clean 
gas discharged from both the combustion chambers 3, 4 similarly to FIG. 1. 

At this time, the high-temperature gas generated around the squib 9 
in the lower combustion chamber 4 is distributed in the circumferential 
direction of the housing 1 and flows into the filter member 7 by the 
structure of the filter member 7 similarly to the upper combustion chamber 
3. As a result, even if the combustion is locally generated around the squib 
9 in the initial stage of the combustion in the lower combustion chamber 4, 
it can discharge uniformly the gas passed through the gas passing space S2 
around the outer cylindrical portion 15 from the respective gas discharge 
ports 15a. 



In the gas generator X4, similarly to the gas generator XI in FIG. 1, 
the air bag can be inflated according to the form of the collision of the 
automobile by properly selecting the short interval between actuation of the 
respective squibs 8, 9. 

As described above, according to the gas generator X4, because 
control of inflation of the air bag can be easily carried out and the air bag 
can be inflated uniformly and smoothly similarly to FIG. 1, the inherent 
function of the air bag can be performed in safety. 

In the gas generator X4, it is possible to employ a housing 1 made of 
stainless steel. The housing 1 is a single cylindrical structure by using the 
upper case 10 and lower case 11, and these cases 10, 11 are formed by 
pressing a stainless steel. The upper case 10 is made of forming integrally 
the upper Ud portion 16 and the outer cylindrical portion 15 by pressing the 
stainless steel. The lower case 11 is made of forming integrally the lower 
Hd portion 16 and the flange cylindrical portion 19 by pressing the stainless 
steel. As a result, the housing 1 has a structure with excellent property of 
heat resistance and pressure resistance as compared with the housing 
molded of the aluminum alloy or the Uke. The respective inner cylindrical 
portions 17, 18 are provided separately onto the lower LLd portion 16 and are 
projected respectively into the respective combustion chambers 3, 4. The 
housing 1 made of stainless steel as described above has a excellent property 
of heat resistance and pressure resistance and it is possible to use a 
non-azide gas generating agent instead of an azide gas generating agent 
which has been used conventionally. The non-azide gas generating agent 
has a property that is generated easily a high-temperature and 
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high-pressure gas as compared with the azide gas generating agent. 
Therefore, although the gas generator is required to have the housing 1 with 
the excellent property of heat resistance and pressure resistance if the 
non-azide gas generating agent is used, it can use easily the non-azide gas 
generating agent by employing the housing 1 of the single cylindrical 
structure made of the stainless sheet steel. 

Next, a gas generator X5 shown in FIGS. 12 and 13 will be 
described. 

In the gas generator X5 in FIGS. 12 and 13, the deployment process 
of the air bag can be controlled and the clean gas can be evenly discharged 
from the respective gas discharge ports 15a by controlling a firing flame of 
the eccentric squib 9. The gas generator X5 has the housing 1 of the double 
cyKndrical structure similar to that in FIGS. 1 and 2. And the same 
members as those in FIGS. 1 and 2 are provided with the same reference 
numerals to avoid repetition of description. 

In FIGS. 12 and 13, the eccentric squib 9 is mounted in the short 
inner cyhndrical portion 18, and its projected portion 9a is projected into the 
lower combustion chamber 4. The projected portion 9a of the squib 9 has a 
firing agent fired in response to the coDision detection signal (electrical 
energy) from the collision sensor, and is covered with a cup -shaped firing fid 
38 for controlling a spouting direction of the firing flame. 

As shown also in FIG. 14, the firing Hd 38 is fitted in the short inner 
cylindrical portion 18 and has two firing holes 38a for allowing the firing 
flame of the squib 9 to spout into the lower combustion chamber 4. Aflame 
space S5 is formed between the firing Hd 38 and the projected portion 9a. 



The respective firing holes 38a open into the flame space S5 above the 
projected portion 9a of the squib 9, and allow the firing fllame or the like 
which coEided with a cnp bottom 38b of the firing lid 38 to spout into the 
lower combustion chamber 4 from the flame space S5 (see FIG. 14). The 
respective firing holes 38a are formed in two positions L and M on a side 
(the axis a side of the housing l) facing the long inner cylindrical portion 17 
on opposite sides of a straight line connecting axes a and b of the respective 
inner cyhndrical portions 17, 18 as a boundary as shown in FIGS. 13 and 15. 
In other words, the firing holes 38a in the respective positions L and M open 
at angles ql and q2 in opposite directions from the straight Une c with 
respect to the axis b of the short inner cylindrical portion 18 such that the 
firing flame can spout between the long inner cylindrical portion 17 and the 
filter member 7 and around the long inner cylindrical portion 17 (the axis a 
of the housing l) at a distance from the squib 9. Although the angles ql 
and q2 are preferably equal to each other such that the firing flame of the 
squib 9 spouts evenly around the long inner cylindrical portion 17 (the axis 
a of the housing l), the angles ql and q2 are adjustable so as to uniformly 
burn all the gas generating agents 6. 

As a result, the squib 9 causes its firing flame to intensively spout 
around the axis a of the housing 1 away from the squib 9 with the respective 
firing holes 38a ia the firing lid 38 to fire and bum the gas generating 
agents 6 in the lower combustion chamber 4. 

The inner cyhndrical member 2 formed with the gas passing holes 2a 
at predetermined intervals in axial direction and circumferential direction is 
used. 
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Next, actuation of the gas generator X5 will be described. 

If the collision sensor detects a collision of the automobile and only 
the squib 8 is actuated, the high- temperature gas generated in the upper 
combustion chamber 3 is subjected to slag collection and coohng in the filter 
member 7 and made uniform in the gas passing space S2 and then starts to 
be discharged into the air bag similarly as FIG. 1. The air bag starts slow 
deplojnnent and inflation with the small amount of clean gas generated in 
only the upper combustion chamber 3, 

Then, if the squib 9 is actuated after a short interval from a start of 
combustion in the upper combustion chamber 3, the firing flame of the squib 
9 intensively spouts around the long inner cylindrical portion 17 away from 
the squib 9 through the respective firing holes 38a and burns the gas 
generating agents 6 to thereby generate the high-temperature gas. At this 
time, combustion in the combustion chamber 4 starts with the gas 
generating agents 6 in a large area in the vicinity of the squib 9 and around 
the long iimer cylindrical portion 17 at a distance from the squib 9 and then 
instantaneously moves to the circumferential direction of the housing 1 to 
shift to overall combustion. Therefore, it is possible to avoid the uneven 
and local combustion in the vicinity of the squib 9 and to instantaneously 
shift the combustion to the overall combustion. As a result, it is possible to 
generate the high- temperature gas in the combustion chamber 4 evenly 
around the axis a of the housing 1. 

Then, the high-temperature gas generated in the lower combustion 
chamber 4 flows throughout the circumferential direction of the housing 1 
and into the filter member 7, is subjected to slag collection and cooling in 



the filter member 7, and uniformly flows into the gas passing space S2 from 
the respective gas passing holes 2a in the inner cyUndrical member 2. 
Because the clean gas which has flowed into the gas passing space S2 evenly 
flows into the air bag from the respective gas discharge ports 15a in the 
outer cylindrical portion 15, the air bag shifts to rapid deployment and 
inflation with the large amount of clean gas discharged from both the 
combustion chambers 3, 4, 

In the gas generator X5, similarly to the gas generator XI in FIG. 1, 
the air bag can be inflated according to the form of the collision of the 
automobile by properly selecting the short interval between actuation of the 
respective squibs 8 and 9. 

As described above, according to the gas generator X5, control of 
inflation of the air bag can be easily carried out similarly as FIG. 1. 

In the gas generator X5, by controlling the firing flame of the 
eccentric squib 9 to instantaneously shift the combustion to the overall 
combustion aroimd the axis a of the housing 1, it is possible to make the 
clean gas discharged from the respective gas discharge ports 15a into the air 
bag uniform. Therefore, it is possible to uniformly and smoothly expand 
and inflate the air bag. 

Although the firing lid 38 formed with the two firing holes 38a has 
been described in the gas generator X5, three or more firing holes 38a may 
be formed. The respective firing holes 38a are disposed such that all the 
gas generating agents 6 are burned uniformly 

The gas generator X5 has a structure of which the inside of the inner 
cylindrical member 2 is partitioned into the upper and lower two 
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combustion chambers 3, 4 with the partition member 5. And the gas 
generator X5 has a structure of which the gas generating agents 6 and the 
filter members 7 are disposed in the respective combustion chambers 3 , 4. 
However, a structure shown in FIG, 16 can be adopted furthermore. In the 
gas generator X5 in FIG. 16, the combustion space S3 in the filter member 7 
obtained by integrally molding the filter member 7 in the respective 
combustion chambers 3 and 4 and mounting the member 7 in the inner 
cyhndrical member 2 is partitioned into the upper and lower two 
combustion chambers 3, 4 with the partition member 5. The gas 
generating agents 6 are loaded in the respective combustion chambers 3, 4. 
If the filter member 7 in the respective combustion chambers 3, 4 is 
integrally molded, it is possible to reduce the number of parts and 
manufacturing costs, as compared with the filter members 7 respectively 
disposed in the respective combustion chambers 3, 4. 

Next, a gas generator X6 shown in FIGS. 17 and 18 wiU be 
described. 

In the gas generator X6 in FIGS. 17 and 18, the deployment process 
of the air bag can be controlled and the clean gas can be evenly discharged 
from the respective gas discharge ports 15a by controlling firing flames of 
the respective eccentric squibs 8, 9. The gas generator X6 has the housing 
1 of the double cylindrical structure similar to that in FIGS. 10 and 11 and 
the same members as those in FIGS. 10, 11 are provided with the same 
reference numerals. In the gas generator X6, the structure of the squib 9 
similar to that in FIGS, 12 and 13 is employed. 

In FIGS. 17 and 18, the eccentric squib 8 is mounted in the long 
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inner cylindrical portion 17, and its projected portion 8a is projected into the 
combustion chamber 3. The projected portion 8a of the squib 8 has a firing 
agent for being fired in response to the collision detection signal (electrical 
energy) from the coUision sensor and is covered with a cup-shaped firing hd 
48 for controlling a spouting direction of the firing flame. The firing Lid 48 
is fitted in the long inner cyhndrical portion 17. Aflame space S5 is formed 
between the firing Hd 48 and the projected portion 8a of the squib 8 
similarly as FIG. 14. The firing Hd 48 has two firing holes 48a for allowing 
the firing flame of the squib 8 to spout into the upper combustion chamber 3. 
The respective firing holes 48a open into the flame space S5 above the 
projected portion 8a of the squib 8 and allow the firing flame or the Hke 
which coUides with a cup bottom 48b of the firing Hd 48 to spout into the 
upper combustion chamber 3 from the flame space S5 (see FIG. 14). The 
respective firing holes 48a are formed in two positions N and P on a side 
facing the axis a of the housing 1 on opposite sides of a straight Hue e 
connecting the axis a of the housing 1 and the axis d of the long inner 
cyHndrical portion 17 as a boundary as shown in FIG. 18, In other words, 
the firing holes 48a in the respective positions N and P open at angles q3 
and q4 in opposite directions from the straight Hne c with respect to the axis 
d of the long inner cyHndrical portion 17 such that the firing flame can spout 
between the filter member 7 and around the axis a of the housing 1 at a 
distance from the squib 8. Although the angles q3 and q4 are preferably 
equal to each other such that the firing flame of the squib 8 spouts evenly 
around the axis a of the housing 1, the angles q3 and q4 are adjustable so as 
to uniformly burn all the gas generating agents 6. 
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The squib 8 is located at the position eccentric to the axis a of the 
housing 1, The squib 8 fires and bums the gas generating agents 6 in the 
upper combustion chamber 3 by firing flame that intensively spout around 
the axis a of the housing 1 away from the squib 8 through the respective 
firing holes 48a in the fixing hd 48. 

On the other hand, the projected portion 9a of the squib 9 is covered 
with the firing hd 38 similarly as FIGS. 12 and 13. The squib 9 is located 
at the position eccentric to the axis a of the housing 1. The squib 9 fires 
and burns the gas generating agents 6 in the lower combustion chamber 4 
by firing flame that spout around the axis a of the housing 1 away from the 
squib 9 through the respective firing holes 38a in the firing Hd 38. 

Next, actuation of the gas generator X6 will be described. 

If the coDision sensor detects a coUision of the automobile, only the 
squib 8 is actuated. The firing flame of the squib 8 is caused to intensively 
spout around the axis a of the housing 1 away from the squib 8 through the 
respective firing holes 48a and the firing flame burns the gas generating 
agents 6 to thereby generate the high-temperature gas. At this time, 
combustion in the combustion chamber 3 starts with the gas generating 
agents 6 in a large area in the vicinity of the sqviib 8 and around the axis a 
of the housing 1 at a distance from the squib 8 and then instantaneously 
moves to the circumferential direction of the housing 1 to shift to overall 
combustion. Therefore, it is possible to avoid the uneven and local 
combustion in the vicinity of the squib 8 and to instantaneously shift the 
combustion to the overall combustion. As a result, it is possible to generate 
the high-temperature gas in the combustion chamber 3 evenly around the 
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axis a of the housing 1. 

The high-temperature gas generated ia the upper combustion 
chamber 3 flows throughout the circumferential direction of the housing 1 
and into the filter member 7, is subjected to slag collection and cooUng in 
the filter member 7, and flows into the gas passing space S2 from the 
respective gas passing holes 2a in the inner cyUndrical member 2. When 
combustion in the upper combustion chamber 3 advances and pressure in 
the housing 1 reaches a predetermined value, the burst plate 21 bursts and 
clean gas which has flowed evenly into the gas passing space S2 is 
discharged from the respective gas discharge ports 15a into the air bag. As 
a result, the air bag slowly expands and iaflates with a small amount of 
clean gas generated in the upper combustion chamber 3 only and discharged 
evenly from the respective gas discharge ports 15a. 

Then, if the squib 9 is actuated after a short interval from a start of 
combustion in the upper combustion chamber 3, the firing flame of the squib 
9 intensively spouts around the axis a of the housing 1 away from the squib 
9 through the respective firing holes 48a and burns the gas generating 
agents 6 to thereby generate the high-temperature gas. At this time, 
combustion in the combustion chamber 4 instantaneously shifts to overall 
combustion similarly to the combustion in the upper combustion chamber 3. 
Therefore, it is possible to evenly generate the high-temperature gas in the 
combustion chamber 4 around the axis a of the housing 1. 

Then, the high-temperature gas generated in the combustion 
chamber 4 flows throughout the circumferential direction of the housing 1 
and into the filter member 7, is subjected to slag collection and cooHng in 
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the filter member 7, and uniformly flows into the gas passing space S2. 
Because the clean gas which has flowed into the gas passing space S2 evenly 
flows into the air bag from the respective gas discharge ports 15a in the 
outer cylindrical portion 15, the air bag shifts to rapid deployment and 
inflation with the large amount of clean gas discharged from both the 
combustion chambers 3, 4. 

As described above, according to the gas generator X6, because 
control of inflation of the air bag can be easily carried out and the air bag 
can be inflated uniformly and smoothly similarly as FIGS. 12 and 13, the 
inherent function of the air bag can be performed in safety. In the gas 
generator X6, similarly to the gas generator XI in FIGS. 1 and 2, the air bag 
can be inflated according to the form of the collision of the automobile by 
properly selecting the short interval between actuation of the respective 
squibs 8, 9. 

Although control of the firing flames of the respective eccentric 
squibs 8, 9 by moumting the firing Hds 38 and 48 to the squibs 8 and 9 has 
been described in the gas generator X6, a structure shown in FIG. 19 
may be also employed. In FIG. 19, the projected portion 9a (8a) of the 
eccentric squib 9 (8) has a cup-shaped firimg lid 58 formed with two firing 
holes 58a and the respective firing holes 58a are closed with a resin seal 59 
molded in an inner periphery of the firing lid 58. Inside the resin seal 59, a 
firing agent for being fired in response to the collision detection signal 
(electrical energy) firom the collision sensor is loaded. The respective firing 
holes 58a open in respective positions L, M (N, P) of the squib 9 (8) at angles 
ql, q2 (q3, q4) as shown in FIG. 20. When the resin seal 59 is broken by 
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the firing flame in the firing lid 58, the firing holes 58a open into the 
comhustion chamber 4 (3) to allow the firing flame to spout around the axis 
a of the housing 1. The number of the fixing holes 58a is not limited to two 
and may be three or more. 

As the structure of the squib 9 (8), it is also possible to form the 
projected portion 9a (8a) of the squib 9 (8) of a covered body in which the 
firing agent is loaded and to form a plurality of firing grooves from an inside 
(or an outside) of the covered body. The respective firing grooves are 
formed in the respective positions L, M (N, P) of the squib 9 (8) to be thinner 
than the other part and are opened into the combustion chamber 4 (3) as the 
firing holes by the firing flame in the squib 9 (8). As a result, the firing 
flame of the squib 9 (8) can be controlled to spout around the axis a of the 
housing 1. 

Next, a gas generator 7 shown in FIGS. 21 and 22 will be described. 

In the gas generator X7 in FIGS, 21 and 22, the deployment process 
of the air bag can be controlled and the clean gas can be evenly discharged 
from the respective gas discharge ports 15a by the structure of the filter 
member 7 and by controUing the firing flame of the eccentric squib 9. The 
gas generator X7 has the housing 1 having the double cyhndrical structure 
and the filter member 7 similar to those in FIGS. 7 and 8 and the same 
members as those in FIGS. 7 and 8 are provided with the same reference 
numerals. In the gas generator X7, the structure of the squib 9 similar to 
that in FIGS. 12 and 13 is employed. 

The filter member 7 in the lower combustion chamber 4 in FIGS. 21 
and 22, simflarly as FIGS, 7 and 8, has a structure of which the passing of 



gas through the circumferential part ^ closest to the squib 9 in the short 
inner cylindrical portion 18 is harder than passing through the 
circumferential part a at a distance from the squib 9. The projected 
portion 9a of the squib 9 is covered with the firing Hd 38 similarly as FIGS. 
12 and 13. As a result, the squib 9 is disposed in the position eccentric to 
the axis a of the housiag 1 and causes its firing flame to spout around the 
axis a of the housing 1 away from the squib 9 through the respective firing 
holes 38a in the firing Hd 38 to fire and bum the gas generating agents 6 in 
the lower combustion chamber 4. 

Next, actuation of the gas generator X7 will be described. 
If the collision sensor detects a collision of the automobile and only 
the squib 8 is actuated, the high-temperature gas generated in the upper 
combustion chamber 3 is subjected to slag collection and coohng in the filter 
member 7 and made uniformly in the gas passing space S2 and then starts 
to be discharged into the air bag similarly as FIG. 1. The air bag 3 starts 
slow deployment and inflation with the small amount of dean gas generated 
in only the upper combustion chamber 3. 

Then, if the squib 9 is actuated after a short interval from a start of 
combustion ia the upper combustion chamber 3, the firing flame of the squib 
9 intensively spouts around the axis a of the housing 1 away from the squib 
9 through the respective firing holes 38a of the squib 9 and bums the gas 
generating agents 6 to thereby generate the high-temperature gas. 
Because combustion in the combustion chamber 4 instantaneously shifts to 
overall combustion similarly as FIG. 12, it is possible to generate the 
high-temperature gas in the combustion chamber 4 evenly around the axis a 
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of the housing 1. 

The high-temperature gas generated in the lower combustion 
chamber 4 flows into the filter member 7 fi^om the circumferential part «^ 
close to the squib 9. The high-temperature gas which has flowed into the 
filter member 7 is distributed in the circumferential direction of the housing 
1 and is evenly discharged around the outer cylindrical portion 15 through 
the gas passing space S2 from the respective gas discharge ports 15a 

similarly as FIG. 7. 

In the gas generator X7, similarly to the gas generator XI in FIG. 1, 
the air bag can be inflated according to the form of the coUision of the 
automobile by properly selecting the short interval between actuation of the 
respective squibs 8, 9. 

As described above, according to the gas generator X7, control of 
inflation of the air bag can be easily carried out. In the gas generator X7, 
because aU the gas generating agents 6 are burned by controUing the firing 
flame of the squib 9 and the high-temperature gas is distributed in the 
circumferential direction of the housing 1 by the structure of the filter 
member 7, it is possible to reliably and evenly discharge the dean gas from 
the respective gas discharge ports 15a. 

In the gas generators XI to X6 of the invention, any structures of the 
gas passing holes 2a of the inner cylindrical member 2, the gas discharge 
ports 15a of the housing 1, the filter member 7, and control of the firing 
flames of the eccentric squibs 8, 9 are employed. By combining these 
structures, it is possible to evenly discharge the clean gas firom the 
respective gas discharge ports 15a around the outer cylindrical portion 15. 
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In the gas generators XI to X7, although the upper and lower two 
combustion chambers 3, 4 are defined by the inner cylindrical member 2 and 
the partition member 5, it is also possible to dispose the filter member 7 in 
the respective combustion chambers 3, 4 and to partition the inside of the 
filter member 7 into the upper and lower combustion chambers 3, 4 with the 
partition member 5 without mounting the ianer cylindrical member 2. 

In the gas generators XI to X7, although the respective combustion 
chambers 3, 4 communicate with each other through the gas passiag space 
S2 and the like, it is also possible to form the airtight combustion chambers 
3, 4 by mounting the partition member 5 in the outer cyKndrical portion 15. 

In the gas generators XI to X7, it is also possible to define a plurahty 
of combustion chambers by a plurahty of partition members 5 and to dispose 
the squib in each the combustion chamber to thereby carry out multistage 
control of infl ation of the air bag. 

Although the gas generators XI to X7 each having two or more 
combustion chambers 3, 4 and two or more squibs 8, 9 have been described, 
the invention is not limited to such gas generators and the following 
structures can be also employed. 

One of such structures is a structure in which one combustion 
chamber is formed in the housing, and in which the gas generating agents 
in the combustion chamber are burned by one squib, and in which the squib 
is disposed eccentrically to the axis of the housing. Another structure is a 
structure in which one combustion chamber is formed in the housing, and in 
which the gas generating agents in the combustion chamber are burned by 
the plural squib, and in which one or more of the squibs are disposed 
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eccentrically to the axis of the housing. In such gas generators, it is 
possible to evenly discharge the clean gas from the respective gas discharge 
ports by employing structures described by using FIGS. 1 to 20. 

Although the gas generators XI to X7 for inflating the air bag for the 
driver's seat have been described, the invention can be also apphed to a gas 
generator for inflating an air bag for a passenger seat or for a side collision. 
The gas generator for inflating the air bag for the passenger seat or for the 
side coUision includes a long cylindrical housing. 

Furthermore, in the gas generators X2 to X7, the inner cyhndrical 
member 2 may be made of expanded metal shown in FIGS, 23(a) to 23(c). 
In the expanded metal, a plurality of gas passing holes 2a as shown in FIG. 
23(b) are formed by uniformly stretching a base metal 63 formed with the 
large number of shts 63a at predetermined intervals as shown in FIG. 23(a). 
The inner cylindrical member 2 is formed by forming the expanded metal 
having predetermined length and width into a cyhndrical shape and by 
securing opposite ends to each other by a joining method such as spot 
welding as shown in FIG. 23(c). The base metal 63 is made of a stainless 
steel sheet that had excellent heat resistance and pressure resistance or 
made of other sheet steel. 

If the inner cylindrical member 2 is made of expanded metal, each 
sUt 63a is formed in such a shape as to be bent toward an inner or outer 
circumferential side by height h from a plane portion K of the base metal 63 
as shown in FIG. 24 in stretch processing in a direction of arrows in FIG. 
23(a). 

Therefore, in the inner cylindrical member 2, the plural gas passing hole 2a 
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projecting to the height h at portions of the respective shts 63a in the outer 
periphery of the inner cylindrical member 2, opening in the circumferential 
direction, and extending in the axial direction are formed. The respective 
gas passing holes 2a are connected to each other in the circumferential 
direction. 

If the inner cylindrical member 2 made of expanded metal is 
mounted in the housing 1, even if the inner cylindrical member 2 is 
expanded and deformed by high-pressure and high-temperature gas caused 
by combustion of the gas generating agents 6 in the respective combustion 
chambers 3 and 4, the gas can pass toward the respective gas discharge 
ports 15a from the plurahty of gas passing holes 2a projecting by the height 
h toward the inner and outer peripheries. Therefore, if the inner 
cylindrical member 2 is formed of expanded metal, even if the inner 
cyhndrical member 2 is disposed to be in contact with an inner 
circumferential face of the outer cyhndrical portion 15, a successive annular 
space can be formed on an inner circumferential side of the outer cylindrical 
portion 15 and can be used as the gas passing space S2. 
Possibility of Industrial Apphcation 

As described above, the gas generator according to the present 
invention is suitable for inflating the air bag for the driver's seat. 
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WHAT IS CLAIMED IS: 

1. A gas generator comprising a cylindrical housing, wherein a gas 
generating agent for generating a high -temperature gas when it burns is 
loaded in a combustion chamber in said housing, one or more squibs for 
firing and burning said gas generating agent in said combustion chamber 
are mounted in said housing, one or more of said respective squibs are 
disposed eccentrically to an axis of said housing, and permeability of said 
high-temperature gas generated in said combustion chamber by combustion 
of said gas generating agent by said eccentric squibs is lower through a part 
closest to said squibs than through the other part. 

2. A gas generator comprising a short cylindrical housing (l) having a 
plurahty of gas discharge ports (l5a), wherein an airtight space (S) in said 
housing (l) is partitioned into a plurahty of combustion chambers (3, 4), a 
gas generating agent (6) for generating a high -temperature gas when it 
burns is loaded in each of said combustion chambers (3, 4), a tubular filter 
member (7) is disposed to surround said gas generating agent (6), a plurality 
of sqxiibs (8, 9) for individually firing and buming said gas generating 
agents (6) in said respective combustion chambers (3, 4) are loaded in said 
housing (l), one or more of said respective squibs (8, 9) are disposed 
eccentrically to an axis (a) of said housing (l), and permeability of said 
high-temperature gas generated in said respective combustion chambers (3, 
4) by combustion of said gas generating agents (6) by said eccentric squibs (8, 
9) is lower through a part ( 6 , a , ^ ) closest to said respective squibs (8, 9) 
than through the other part ( £ , jS , a). 

3. A gas generator according to claim 2, wherein said filter member (7) is 
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mounted in an inner cylindrical member (2) having a plurality of gas 
passing holes (2a) opening into a gas passing space (S2) between said inner 
cyhndrical member (2) and said housing (l) and said inner cylindrical 
member (2) has lower permeability of said high-temperature gas through 
said gas passing holes (2a) in a circumferential part ( 5 ) closest to said 
respective eccentric squibs (8, 9) than in a circumferential part ( £ ) at a 
distance from said respective squibs (8, 9). 

4. A gas generator according to claim 2 or 3, wherein said respective gas 
discharge ports (l5a) of said housing (l) have lower permeability of said 
high- temperature gas through a circumferential part (a) of said housing (l) 
closest to said respective eccentric squibs (8, 9) than through a 
circumferential part ( jS ) of said housing (l) at a distance from said 
respective sqmbs (8, 9). 

5. A gas generator according to claim 2 or 3, wherein said filter member (7) 
has lower permeabOity of said hightemperature gas through a 
circumferential part (4>) closest to said respective eccentric squibs (8, 9) 
than through a circumferential part (a) at a distance from said squibs (8, 
9). 

6. A gas generator according to claim 2 or 3, wherein said respective gas 
discharge ports (l5a) of said housing (l) have lower permeability of said 
high-temperature gas through a circumferential part ( a ) of said housing (l) 
closest to said respective eccentric squibs (8, 9) than through a 
circumferential part ( jS ) of said housing (l) at a distance from said 
respective squibs (8, 9) and said filter member (?) has lower permeability of 
said high-temperature gas through a circumferential part (4>) closest to said 
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respective eccentric squibs (8, 9) than through a circumferential part ( a ) at 
a distance from said squibs (8,9). 

7. A gas generator comprising a cyhndrical housing, wherein a gas 
generating agent for generating a high-temperature gas when it burns is 
loaded in a combustion chamber in said housing, one or more squibs for 
firing and burning said gas generating agent are loaded in said housing, one 
or more of said respective sqviibs are disposed eccentrically to an axis of said 
housing, and flames of said eccentric squibs are controlled to spout around 
said axis of said housing. 

8. A gas generator comprising a short cylindrical housing (l), wherein an 
airtight space (S) in said housing (l) is partitioned into a plurality of 
combustion chambers (3, 4), a gas generating agent (6) for generating a 
high-temperature gas when it burns is loaded in each of said combustion 
chambers (3, 4), a plurality of squibs (8, 9) for individually firing and 
burning said gas generating agents (6) in said respective combustion 
chambers (3, 4) are mounted in said housing (l), one or more of said 
respective squibs (8, 9) are disposed eccentrically to an axis (a) of said 
housing (l), and firing flames of said respective eccentric squibs (8, 9) are 
controlled to spout around said axis (a) of said housing (l). 

9. A gas generator according to claim 8, wherein said eccentric squibs (8, 9) 
have a plurality of firing holes (38a, 48a) for allowing their firing flames to 
spout into said respective combustion chambers (3, 4) and said respective 
firing holes (38a, 48a) are formed to spout said firing flames around said 
axis (a) of said housing (l). 

10. A gas generator according to claim 9, wherein said eccentric squibs (8, 
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9) are covered with firing lids (38, 48) formed with said respective firing 
holes (38a, 48a). 

11. A gas generator according to claim 8, wherein said eccentric squibs (8, 
9) have a plurality of firing holes (58a) caused to open into said respective 
combustion chambers (3, 4) by said firing flames of said squibs (8, 9) and 
said respective firing holes (58a) are formed to spout said firing flames 
around said axis (a) of said housing (l). 

12. A gas generator comprising a cyhndrical housing, whereia a gas 
generating agent for generating a high-temperature gas when it burns is 
loaded in a combustion chamber in said housing, one or more squibs for 
burning said gas generating agent in said combustion chamber are mounted 
in said housing, one or more of said respective squibs are disposed 
eccentrically to an axis of said housing, permeabflity of said 
high-temperature gas generated in said combustion chamber by combustion 
of said gas generating agent by said eccentric squibs is lower through a part 
closest to said squibs than through the other part, and firing flames of said 
eccentric squibs are controlled to spout around said axis of said housing. 

13. A gas generator comprising a short cyhndrical housing (l), wherein an 
airtight space (S) in said housing (l) is partitioned into a plurahty of 
combustion chambers (3, 4), a gas generating agent for generating a 
high-temperature gas when it bums is loaded in each of said combustion 
chambers, a plurahty of squibs (8, 9) for individually firing and burning said 
gas generating agents (6) in said respective combustion chambers (3, 4) are 
mounted in said housing (l), one or more of said respective squibs (8, 9) are 
disposed eccentrically to an axis (a) of said housing (l), permeability of said 
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high temperature gas generated in said respective combustion chambers (3, 
4) by combustion of said gas generating agents (6) by said eccentric squibs (8, 
9) is lower through a part ( 6 , a , 0 ) closest to said respective squibs (8, 9) 
than through the other part ( f , jS , a ), and firing flames of said eccentric 
squibs (8, 9) are controlled to spout around said axis (a) of said housing (l). 



Abstract 

A gas generator for slowly inflating an air bag at the early stage of 
the inflation and then rapidly inflating it or discharge a clean gas evenly 
around a housing. The gas generator includes a gas generating agent (6) 
and an squib (8,9) in the housing (l). The squib (9) is disposed eccentrically 
to the axis (a) of the housing (l). A high temperature gas is generated in a 
combustion chamber (4) because of the combustion of the gas generating 
agent (6) ignited by the squib (9). The permeability of the high 
temperature gas through inner cylindrical member (2) closest to the squib 
(9) is lower than that through the part other than the inner cyhndrical 
member (2). 
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yB<^&^<^WMtLX^ atilJ(TcoaDaabSt-o As a below named inventor, I hereby declare that: 



My residence, post office address and citizenship are as stated 
next to my name. 

I believe I am the original, first and sole inventor (if only one 
name is listed below)or an original, first and joint inventor(if 
plural names are listed below) of the subject matter i/^ich is 
claimed and for which a patent is sought on the invention 
entitled. 

GAS GENERATOR 



t u 



the specification of v^ich 

□ is attached hereto. 

^ was filed on February 4, 2000 



as United States Application Number or 
PCT International implication Number 

PCT/JPOQ/00613 and was amended on 

JUL 3jeOQ (if ^plicable). 



1 hereby state that 1 have reviewed and understand the 
contents of the above- identified specification, including the 
claims, as amended by any amendment referred to above. 

1 acknowledge the duty to disclose information which is material 
to patentability as defined in Title37, Code of Federal 
Regulations, Section 1. 56. 



Page 1 of 3 



8/97 



Japanese Language Declaration 



Prior Foreign ^plication(s) 
1 1-28763 



Japan 



1 1 



(Number) 
3 13 6 4 



(Country) 
(§«) 
Japan 



(Number) 

(#^) 



(Country) 

(H«) 



B35li*a^ll9 ^em£^-:^v>TTIS^o*B#i* 



(^plication No.) 

(tfiSS^) 



^>fctBffl£7)^w^Mf*«m35®ii2 ^ 1 mLmmm^i^ 



PCT/JPOQ/00613 



(implication No.) 

(aisa^) 



Feb. 4 2000 
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(^pl ication No. ) (Fi 1 ing Date) 
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I hereby claim foreign priority under Title 35, United States code, 
Sectionll9(a)-(d) or 365(b) of any foreign application(s) for patent 
or inventor s certificate, or Section365(a) of any PCT International 
application which designated at least one country other than the 
United States, listed below and have also identified below, by 
checking the box, any foreign application for patent or inventor s 
certificate, or PCT International application having a filing date 
before that of the application on which priority is claimed. 

Priority Claimed 
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(Day/MonthAear Filed) 
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(DayAfonthAear Filed) 
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I hereby claim the benefit under Title 35, United States Code, 
Section 119 (e) of any United States provisional application (s) 
listed below. 



(Filing Date) 
(ffiffiB) 



(^plication No.) 
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(Filing Date) 
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I hereby claim the benefit under Title35, United States Code, Section 
120 of any United States application(s), or Section365(c) of any PCT 
International ^plication designating the United States, listed below 
and, insofar as the subject matter of each of the claims of this 
application is not disclosed in the prior United States or PCT 
International application in the manner provided by the first 
paragraph of Title35, United States Code Sect ion 112, 1 acknowledge the 
the duty to disclose information which is material to patentability 
as defined in Title37, Code of Federal Regulations, Sect i on 1. 56 which 
became available between the filing date of the prior application 
and the national or PCT International filing date of application. 
Pending 



(Status: Patented, Pending, Abandoned) 



(Status: Patented, Pending, Abandoned) 

I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these statements 
were made with the knowledge that willful false statements and the 
like so made are punishable by fine or imprisonment, or both, under 
Section 1001 of Title 18 of the United States Code and that such 
willful false statements may jeopardize the validity of the 
application or any patent issued thereoa 
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Residence 

c/o Hiffleji Factory of NIPPON KAYAKU KABUSHIKI-KAISHA 
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Citizenship JAPAN 




Post Office Address same as above 




Full name of second joint inventor, if any 
Ko j i TANAKA 
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